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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor 
device with excellent electric insulation, which attains a 
desired cooling performance without increasing flow 
speed of coolant upon radiating heat generated from the 
semiconductor device with the coolant, to provide a 
manufacturing method of the semiconductor device, and 
to provide an inverter. 

SOLUTION: Conductive layers 3 and 5 are formed on 
both surfaces of an aluminum nitride plate 4 as an 
insulating substrate. A semiconductor chip 1 is 
connected, via a high-temperature solder layer 2, on the 
conductive-layer 3 side of the aluminum nitride plate 4, 
while a radiation copper substrate 7 is connected, via a 
low-temperature solder layer 6, on the conductive-layer 
5 side of the aluminum nitride plate 4. The radiation 
copper substrate 7 has a fin 7a. The radiation copper 
substrate 7 is connected, at its lower part, to a fluid- 
path formation copper substrate 9, different from the 
radiation copper substrate 7. via a connecting metal 

member 8. The radiation copper substrate 7 and the fluid-path formation copper substrate 9 
form a coolant path 1 00. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The insulating substrate which insulates the semiconductor chip from other conductive 
parts while laying the semiconductor chip accompanied by generation of heat, and said 
semiconductor chip by energization at the time of operation, In the semiconductor device which 
has the substrate for heat dissipation which misses the heat which lays said insulating substrate 
and is emitted from said semiconductor chip to the opposite side of said semiconductor chip The 
semiconductor device characterized by having attached the substrate for passage formation of 
another object with the substrate for heat dissipation, and forming a coolant path between said 
substrate for heat dissipation, and said substrate for passage formation at said substrate for 
heat dissipation. 

[Claim 2] The semiconductor device characterized by having arranged the conductor layer 
further to both sides of said insulating substrate in a semiconductor device according to claim 1. 
[Claim 3] It is the semiconductor device characterized by joining said substrate for heat 
dissipation, and said substrate for passage formation with solder in a semiconductor device 
according to claim 1. 

[Claim 4] It is the semiconductor device characterized by said substrate for heat dissipation and 
said substrate for passage formation being joined by welding in a semiconductor device 
according to claim 1. 

[Claim 5] It is the semiconductor device characterized by said substrate for heat dissipation 
equipping the field of the opposite side of said semiconductor chip with the fin for promotion of 
heat dissipation in a semiconductor device according to claim 1. 

[Claim 6] the fin to which the configuration of said fin met the flow of said coolant In the 
semiconductor device according to claim 5 — the semiconductor device characterized by being 
a **. 

[Claim 7] It is the semiconductor device characterized by having the shape of a cylindrical shape 
in which the configuration of said fin projects from one side of said substrate for heat dissipation 
in a semiconductor device according to claim 5. 

[Claim 8] It is the semiconductor device characterized by providing the anchoring section of the 
supply line to which said substrate for passage formation supplies the coolant to said coolant 
path in a semiconductor device according to claim 1, and the installation section of the exhaust 
pipe way which discharges the coolant from said coolant path. 

[Claim 9] The semiconductor device characterized by providing a turbulent flow generating 
means to cause a turbulent flow to said coolant path at the coolant, in a semiconductor device 
according to claim 1 . 

[Claim 10] It is the semiconductor device characterized by said turbulent flow generating means 
being propeller equipment for turbulent flow generating in a semiconductor device according to 
claim 9. 

[Claim 1 1] It is the semiconductor device characterized by said turbulent flow generating means 
being a cylindrical member for turbulent flow generating in a semiconductor device according to 
claim 9. 

[Claim 1 2] The passage cross section of the coolant path which said substrate for heat 
dissipation and said substrate for passage formation are connected by the flexible connection 
member In a semiconductor device according to claim 1, and is formed between said substrate 
for heat dissipation and said substrate for passage formation is a semiconductor device 
characterized by being adjustable by said flexible connection member. 
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[Claim 1 3] The passage cross section of the coolant path which said substrate for passage 
formation is arranged possible [ sliding of the direction of said substrate for heat dissipation ], 
and it has a seal member in a semiconductor device according to claim 1 between said substrate 
for heat dissipation and said substrate for passage formation, and is formed between said 
substrate for heat dissipation and said substrate for passage formation is a semiconductor 
device characterized by being adjustable by sliding of said substrate for passage formation. 
[Claim 14] Inverter equipment characterized by having used said semiconductor device as the 
semiconductor device given in any 1 term among claims 1-13, and exposing the external surface 
of the substrate for passage formation of said semiconductor device to the exterior of said box 
in the inverter equipment which incorporates the semiconductor device for current conversion 
and changes it into the electrical potential difference of a request of the inputted current, and 
the alternating current of a frequency in a box. 

[Claim 1 5] Inverter equipment characterized by preparing the feed hopper and exhaust port of 
said coolant in the external surface of said substrate for passage formation exposed to the 
exterior of said box in inverter equipment according to claim 14. 

[Claim 16] Inverter equipment characterized by exposing the boundary part of said substrate for 
heat dissipation, and said substrate for passage formation to the exterior of said box further in 
inverter equipment according to claim 14. 

[Claim 1 7] In the manufacture approach of a semiconductor device of laying the semiconductor 
chip accompanied by generation of heat in an insulating substrate by energization at the time of 
operation, and laying said insulating substrate in the substrate for heat dissipation which misses 
the heat from said semiconductor chip The 1 st process which attaches the substrate for 
passage formation of another object in said substrate for heat dissipation with the substrate for 
heat dissipation. The 2nd process which carries out grinding of the field of the opposite side to 
said substrate for passage formation of said substrate for heat dissipation, and raises flatness 
after said 1 st process. The manufacture approach of the semiconductor device characterized by 
equipping the field of said substrate for heat dissipation which carried out grinding after said 2nd 
process with the 3rd process which joins said insulating substrate. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the semiconductor device equipped with the 
configuration which misses the heat emitted [ especially ] from a semiconductor chip and 
inverter equipment equipped with the semiconductor device, and a pan at the manufacture 
approach of the semiconductor device with respect to the semiconductor device equipped with 
the semiconductor chip accompanied by generation of heat by energization at the time of 
operation. 
[0002] 

[Description of the Prior Art] The structure which misses the generated heat is needed for the 
semiconductor device which the semiconductor chip equipped with such a semiconductor chip in 
many cases with generation of heat by energization at the time of operation. In the conventional 
semiconductor device, the body of a semiconductor device was put on the heat sink through the 
grease of right thermal conductivity, and the heat generated from a semiconductor chip was 
missed with this heat sink. As a method which misses heat from a heat sink, there were air 
cooling by exposing a heat sink to the open air and a water cooling type (liquid cooling) which 
passes the coolant to a part for the centrum which prepared in the heat sink. 
[0003] Drawing 12 R> 2 explains the cooling system of a water cooling type among the above. 
The screw stop is carried out to the heat sink 98 with which, as for the insulating substrate 94 
which the semiconductor chip 91 is Joined to the insulating substrate 94 which gave the 
conductor layer 93 which has a circuit pattern as shown in drawin g 12 through the elevated- 
temperature solder layer 92. and carried the semiconductor chip 91. the copper substrate 96 for 
heat dissipation is joined through the low-temperature solder layer 95, and the copper substrate 
96 for heat dissipation was mainly manufactured with aluminum further through grease 97 by 
screw 98a. And the heat generated from a semiconductor chip 91 is missed by passing the 
coolant to the cooling passage established in the heat sink 98. 

[0004] Grease 97 is not applied to homogeneity, or in the case of drawing 12 . in order to 
promote heat conduction between the copper substrate 96 for heat dissipation, and a heat sink 
98, the thermally conductive outstanding thing is used as grease 97, but if the flatness of the 
copper substrate 96 for heat dissipation and a heat sink 98 is bad, the thermal resistance by 
grease 97 will increase, and heat dissipation unevenness is made, moreover, although illustration 
was omitted, since the thermal conductivity between air and a heat sink is small, in an air-cooled 
case, if there is no very big fin **** in order to increase the heating area of a heat sink, it will 
not become, but miniaturization is structurally difficult for it. and handling nature is not good for 
it, either. 

[0005] Moreover, the semiconductor device of the water cooling type which joins an insulating 
substrate and a heat sink by the solder layer is shown to JP.6-204370,A by the conventional 
technique of a publication. That is, as shown in drawing 13 , the insulating substrate 103 was 
joined to the semiconductor chip 101 and the conductor layer 102 through solder layer 104a, and 
the insulating substrate 103 is further joined to the heat sink 105 made from aluminum which 
formed the cooling liquid flow channel 106 by solder layer 104b. And the approach of cooling a 
sink semiconductor chip for the coolant to a part for the centrum of a heat sink is taken. In this 
case, by not making heat dissipation unevenness like the method of above-mentioned drawin g 
12 , since a heat sink 1 05 opens a hole in the plate made from aluminum and makes it the cooling 
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liquid flow channel 106, unlike above-mentioned air cooling, it can be made into compact 

structure. 

[0006] 

[Problem(s) to be Solved by the Invention] As stated the account of a top, grease 97 is not 
applied to homogeneity, or in the case of drawing 1212 , if the flatness of the copper substrate 
96 for heat dissipation and a heat sink 98 is bad, the thermal resistance by grease 97 will 
increase, heat dissipation unevenness is made, and the predetermined cooling engine 
performance is no longer obtained. Moreover, in an air-cooled case, compared with a water 
cooling type, miniaturization is difficult, and handling nature is not good, either. 
[0007] In cooling system given in JP,6-204370,A which has the structure shown in drawing 13 . 
although there is no fault like the method of drawing 1 2 or air cooling, since the cooling liquid 
flow channel 106 prepared in a heat sink 105 is mainly formed by drilling processing etc., the wall 
surface surface area of the cooling liquid flow channel 1 06 is restricted. In order to promote the 
heat transfer from a semiconductor chip 101, the rate of flow of the coolant must be raised, 
therefore the power engine performance of the required pump for coolant must be improved, and 
it may become impossible therefore, to maintain the predetermined cooling engine performance. 
Moreover, if the rate of flow of the coolant is raised, the corrosion of the ingredients (aluminum 
etc.) of a heat sink 105 will be brought forward, and there is a possibility that the electric 
insulation of equipment itself may fall [ it ] by the basis. 

[0008] The purposes of this invention are the semiconductor device which faced missing the 
heat generated from a semiconductor device by the coolant, could attain the desired cooling 
engine performance, without raising the rate of flow of the coolant, and was excellent in electric 
insulation and inverter equipment equipped with the semiconductor device, and offering the 
manufacture approach of the semiconductor device further. 
[0009] 

[Means for Solving the Problem] The semiconductor chip [ according to this invention ] 
accompanied by generation of heat by the energization at the time of operation in order to attain 
the above-mentioned purpose, The insulating substrate which insulates that semiconductor chip 
from other conductive parts while laying this semiconductor chip, In the semiconductor device 
which has the substrate for heat dissipation which misses the heat which lays this insulating 
substrate and is emitted from said semiconductor chip to the opposite side of a semiconductor 
chip With the substrate for heat dissipation, the substrate for passage formation of another 
object is attached in said substrate for heat dissipation, and the semiconductor device 
characterized by forming a coolant path between the above-mentioned substrate for heat 
dissipation and the substrate for passage formation is offered. 

[0010] In this invention constituted as mentioned above, in order to use the substrate for 
passage formation for forming a coolant path as another object with the substrate for heat 
dissipation, unlike the case where a hole Is opened, it is easy to carry out processing in passage 
to a tabular heat sink, and since it can perform changing a passage configuration variously easily, 
it also becomes easy to consider as the passage configuration according to the cooling engine 
performance. Furthermore, since this invention adopts not air cooling but liquid cooling, it can 
also attain miniaturization. 

[001 1] Moreover, it is desirable to arrange a conductor layer further to both sides of the above- 
mentioned insulating substrate in this invention. Copper etc. is used, and this conductor layer 
can serve as a circuit pattern, for example, junction tends to perform it at the time of junction by 
soldering etc. Moreover, it becomes possible by equalizing an thermal expansion coefficient by 
both sides of an insulating substrate to prevent deformation of the curvature by the difference in 
the thermal expansion coefficient of a semiconductor chip, an insulating substrate, and the 
substrate for heat dissipation etc. 

[0012] Moreover, the substrate for heat dissipation and the substrate for passage formation are 
preferably joined by solder or welding. Since thermal resistance is small and heat tends to be 
transmitted, solder and a weld metal tend to miss the heat from a semiconductor chip. 
[0013] Moreover, the substrate for heat dissipation equips the field of the opposite side of a 
semiconductor chip with the fin for promotion of heat dissipation preferably, the fin which met 
the flow of the coolant as a configuration of this fin — it is still more desirable to consider as 
the shape of a cylindrical shape which considers as a ** or projects from one side of the 
substrate for heat dissipation. Thus, if constituted, since heat transfer area for a fin to perform 
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heat exchange will be expanded, the heat which was emitted from the semiconductor chip and 
flowed to the substrate for heat dissipation through the insulating substrate becomes easy to 
escape to the coolant through the fin prepared in the substrate for heat dissipation. 
[0014] Moreover, in this invention, the anchoring section of the supply line which supplies the 
coolant to a coolant path to the substrate for passage formation, and the anchoring section of 
the exhaust pipe way which discharges the coolant from a coolant path are provided preferably. 
The exhaust pipe way which discharges the supply line which supplies the above-mentioned 
coolant, and the coolant is a hose etc., and it becomes easy by the above-mentioned anchoring 
sections (for example, pipe etc.) to attach [ of a supply line or an exhaust pipe way ] it. 
[0015] Furthermore, a turbulent flow generating means to cause a turbulent flow to the above- 
mentioned coolant path at the coolant may be provided. It is desirable that they are the propeller 
equipment for turbulent flow generating or a cylindrical member for turbulent flow generating as 
this turbulent flow generating means. By making the coolant generate a turbulent flow, the heat 
exchange of the coolant and the substrate for heat dissipation prospers, and it becomes possible 
to improve the cooling engine performance further. 

[0016] Moreover, in the semiconductor device of this invention, it is desirable to make adjustable 
the passage cross section of the coolant path which connects the substrate for heat dissipation 
and the substrate for passage formation by the flexible connection member, and is formed 
between the above-mentioned substrate for heat dissipation and the substrate for passage 
formation by the above-mentioned flexible connection member. As a flexible connection member, 
it can consider, for example as bellows. It becomes possible to adjust and change the passage 
cross-sectional area of the coolant path formed between the substrate for heat dissipation, and 
the substrate for passage formation by this flexible connection member, and can cool by 
choosing the optimal rate of flow according to the calorific value of a semiconductor chip. 
Installation of a flexible connection member is attained to write the substrate for passage 
formation on the substrate for heat dissipation, and another object. 

[001 7] Moreover, it is desirable to make acUustable the passage cross section of the coolant 
path which arranges the substrate for passage formation possible [ sliding of the direction of the 
substrate for heat dissipation ], prepares a seal member between the above-mentioned 
substrate for heat dissipation and the substrate for passage formation, and is formed between 
said substrate for heat dissipation and the substrate for passage formation by sliding of the 
above-mentioned substrate for passage formation. As the above-mentioned seal member, it can 
consider as the O ring which intervenes, for example between the substrate for heat dissipation, 
and the substrate for passage formation. Thereby, it can cool by the above-mentioned flexible 
connection member by choosing the optimal rate of flow according to the calorific value of a 
semiconductor chip like the case where the substrate for heat dissipation and the substrate for 
passage formation are connected. Installation of this seal member is attained to write the 
substrate for passage formation on the substrate for heat dissipation, and another object. 
[0018] Moreover, according to this invention, the inverter equipment characterized by having 
used the semiconductor device incorporated in the inverter equipment which incorporates the 
semiconductor device for current conversion and changes it into the electrical potential 
difference of a request of the inputted current and the alternating current of a frequency in a 
box as the above semiconductor devices, and exposing the external surface of the substrate for 
passage formation of the semiconductor device to the exterior of said box is offered. 
[0019] While the cooling engine performance improves further by stripping of the heat from the 
external surface of the substrate for passage formation exposed to the box exterior of inverter 
equipment according to such a configuration, the feed hopper and exhaust port of the coolant 
can be prepared in the external surface of the substrate for passage formation, and it is 
prevented that the coolant begins to leak to the interior of a box. Therefore, waking up poor 
insulation inside inverter equipment is avoided. 

[0020] If the boundary part of the substrate for heat dissipation and the substrate for passage 
formation is furthermore exposed to the exterior of a box in addition to the above, even if the 
coolant may leak from the boundary part, it will be avoided that it is prevented that the coolant 
trespasses upon the interior of a box, and it wakes up poor insulation inside inverter equipment. 
[0021] In the manufacture approach of a semiconductor device of laying the semiconductor chip 
accompanied by generation of heat in an insulating substrate by energization at the time of 
operation, and furthermore laying said insulating substrate in the substrate for heat dissipation 
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which misses the heat from said semiconductor chip according to this invention The 1 st process 
which attaches the substrate for passage formation of another object in said substrate for heat 
dissipation with the substrate for heat dissipation. The manufacture approach of the 
semiconductor device characterized by having the 2nd process which carries out grinding of the 
field of the opposite side to the substrate for passage formation of said substrate for heat 
dissipation, and raises flatness after the 1 st process, and the process which joins said insulating 
substrate to the field of the substrate for heat dissipation which carried out grinding after the 
2nd process is offered. 

[0022] Since the flatness of the field is raised and an insulating substrate will be joined even if 
the field of the substrate for heat dissipation has deteriorated according to heat deformation of 
the curvature of the substrate for heat dissipation produced by this when the substrate for heat 
dissipation and a passage formation substrate were joined etc., it becomes possible to abolish 
the unevenness at the time of junction of an insulating substrate, and to perform uniform 
junction. 
[0023] 

[Embodiment of the Invention] The 1st operation gestalt of this invention is explained referring 
to .drawing 7 from drawing 1 . Drawin&^^i is the sectional view showing the semiconductor device 
of this operation gestalt, and drayy^^^^^^^^^ is the sectional view seen from [ of draMng^ 1 ] II-II. The 
semiconductor device 42 shown in drawing 1 and drawing 2 is equipped with the semiconductor 
chip 1 joined to the copper conductor layer [ which was formed in both sides of the nitriding 
aluminum plate 4 as an insulating substrate, and the nitriding aluminum plate 4 ] 3 and conductor 
layer 5, and conductor layer 3 side of the nitriding aluminum plate 4 through the elevated- 
temperature solder layer 2, and is joined to the copper substrate 7 for heat dissipation by the 
conductor layer 5 side of the nitriding aluminum plate 4 through the low-temperature solder layer 
6. Junction by the elevated-temperature solder layer 2 or the low-temperature solder layer 6 is 
made easy to be able to serve the conductor layer 3 and the conductor layer 5 as a circuit 
pattern, and to perform, and the thermal expansion coefficient was equalized by both sides of 
the nitriding aluminum plate 4, and deformation of the curvature by the difference in the thermal 
expansion coefficient of each part material etc. is prevented, the fin for increasing a heating area 
in the inferior surface of tongue (opposite side of a semiconductor chip 1 or the nitriding 
aluminum plate 4) of the copper substrate 7 for heat dissipation — fin 7a of a ** is prepared and 
the copper substrate 9 for passage formation of another object is joined to the lower part of the 
copper substrate 7 for heat dissipation with the junction metal 8 in the copper substrate 7 for 
heat dissipation. The amount of [ between the above-mentioned copper substrate 7 for heat 
dissipation and the copper substrate 9 for passage formation ] centrum constitutes the coolant 
path 100. By selecting appropriately the configuration of the copper substrate 7 for heat 
dissipation, or the copper substrate 9 for passage formation, it is possible to set up the passage 
cross section of the coolant path 100 according to the desired cooling engine performance. As a 
junction metal 8. although solder can be used, for example, the copper substrate 7 for heat 
dissipation and the copper substrate 9 for passage formation may be joined by the usual welding. 

[0024] In order that the part containing the nitriding aluminum plate 4 and semiconductor chip 1 
above the copper substrate 7 for heat dissipation may maintain the insulation with the exterior, 
casing is carried out in the resin case 10, and insulation protection of the interior is carried out 
by the silicon gel 11. Moreover, the terminal of a semiconductor chip 1 is connected with a 
leadframe 13 with the aluminum wire 12, and the leadframe 13 is connected with the terminal 14 
for external connection. 

[0025] The entrance 20 of the coolant is established in the inferior surface of tongue of the 
copper substrate 9 for passage formation, it attaches in the entrance, and the pipe 21 as the 
section is welded. And hose 22a for coolant supply and hose 22b for coolant discharge are 
attached in the pipe 21. 

[0026] Next, drawing 3 explains the above manufacture approaches of a semiconductor device 
focusing on the formation approach of the coolant path 100. First, as shown in drawing 3 (a), the 
copper substrate 7 for heat dissipation and the copper substrate 9 for passage formation are 
joined through the junction metal 8. Next, as shown in drawing 3 (b), grinding processing is 
performed to the top face of the copper substrate 7 for heat dissipation, i.e., the field of the 
opposite side of the copper substrate 9 for passage formation, and the flatness of the field is 
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raised. Then, the nitriding aluminum plate 4 which joined the semiconductor chip 1 beforehand is 
joined to the top face of the copper substrate 7 for heat dissipation which raised flatness by 
grinding like at drawing 3 (c). In the case of junction, the conductor layer 5 side of nitriding 
aluminum plate 4 Inferior surface of tongue is joined to the top face of the copper substrate 7 
for heat dissipation by the low-temperature solder layer 6. 

[0027] If it manufactures by such approach, even if the top face of the copper substrate 7 for 
heat dissipation has deteriorated according to heat deformation of the curvature of the copper 
substrate 7 for heat dissipation of the copper substrate 7 for heat dissipation and the copper 
substrate 9 for passage formation in drawing 3 (a) produced on the occasion of junction etc. 
Since the flatness of the field is raised by drawing 3 (b) and the nitriding aluminum plate 4 will be 
joined, the unevenness of the solder layer at the time of junction of the nitriding aluminum plate 
4 in drawin g 3 (c) can be abolished, and uniform junction can be performed. In addition, although 
the pipe 21 as the anchoring section of a hose is attached in the copper substrate 9 for passage 
formation before both junction, you may attach here after junction of after both junction or the 
nitriding aluminum plate 4, and a semiconductor chip 1. 

[0028] Next, inverter equipment is explained as an example of the device using the 
semiconductor device of this operation gestalt. What is necessary is just to use what has the 6 
Inn 1 configuration of module which consists of circuits as shown in drawing 4 as a 
semiconductor chip, in order to consider inverter equipment as the configuration corresponding 
to all three-phase-circuit parts. In drawin g 4 . the IGBT chip 31 of high-speed low loss is used 
as a component for power control. Moreover, diode 32 is connected to each IGBT chip 31. 
[0029] Drawin g 5 is the block diagram showing an example of inverter equipment which used the 
above semiconductor devices. In drawing 5 . a semiconductor device 42 is built into the inverter 
box 41. and it has further the electrolytic capacitor 43 for electrical-potential-difference smooth, 
the controller 45 which transmits a control signal to a semiconductor device 42, and the snubber 
circuit substrate 44 equipped with the current sensor in the inverter box 41. 
[0030] Opening for inclusion of a semiconductor device 42 is prepared in the inverter box 41, and 
as a semiconductor device 42 is inserted in this opening, it is built into it. Thereby, even if the 
exterior of the inverter box 41 has little copper substrate 9 for passage formation, the inferior 
surface of tongue is exposed and hose 22for supply a of the coolant and hose 22b for discharge 
are connected to the field of the exposed copper substrate 9 for passage formation. Thus, by 
[ of the copper substrate 9 for passage formation ] exposing an inferior surface of tongue at 
least, the cooling engine performance not only improves further by stripping of the heat from the 
exposed field to the exterior of the inverter box 41, but it is prevented by connecting hose 22for 
supply a of the coolant, and hose 22b for discharge to the field of the exposed copper substrate 
9 for passage formation that the coolant begins to leak to the inverter box 41 interior. Even if it 
can furthermore also expose the junction metal 8 in the boundary part of the copper substrate 7 
for heat dissipation, and the copper substrate 9 for passage formation, i.e.. draw ing 1 , to the 
exterior of a box in addition to the above, and the coolant may leak by degradation of the part of 
the junction metal 8 according to it. it will be prevented that the coolant trespasses upon the 
inverter box 41 interior. From the above thing, waking up poor insulation inside inverter 
equipment is avoided. 

[0031] Drawing 6 is drawing explaining the configuration of a fin prepared in the inferior surface 
of tongue of the copper substrate 7 for heat dissipation, a fin to which fin 7a meets the flow 
direction of the coolant — the is carried out. Such a configuration of fin 7a can be formed by 
digging slot 7b along the flow direction of the coolant. On the other hand, as shown in drawin g 7 , 
fin 78 of the shape of a cylindrical shape which projects from the inferior surface of tongue of 
copper substrate 7A for heat dissipation may be adopted. Such a configuration of fin 7B can be 
formed by joining the rod of the shape for example, of a cylinder to heat dissipation substrate 7A 
by welding etc. Since the heat transfer area for performing heat exchange by preparing such fin 
7a and 7B is expanded, it becomes possible to make it easy to escape to the coolant the heat 
which was emitted from the semiconductor chip 1 and flowed to the copper substrate 9 for heat 
dissipation. 

[0032] Since the copper substrate 9 for passage formation for forming the coolant path 100 
according to these above operation gestalten is used as another object in the copper substrate 
7 for heat dissipation, processing in passage tends to carry out it. and since it can perform 
changing a passage configuration variously easily, it becomes easy [ also considering as the 
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passage configuration according to the cooling engine performance ]. 

[0033] It can be made easy to expand a heating area and to escape heat to the coolant, since fin 
7a and 7B are prepared. Therefore, the desired cooling engine performance can be obtained 
without raising the rate of flow of the coolant, and the corrosion of the copper substrate 7 for 
heat dissipation or the copper substrate 9 for passage formation can be prevented. 
[0034] Moreover, since an inferior surface of tongue is exposed outside even if the exterior of 
the inverter box 41 has little copper substrate 9 for passage formation While the cooling engine 
performance of inverter equipment improves, connect hose 22for supply a of the coolant, and 
hose 22b for discharge to the field of the exposed copper substrate 9 for passage formation, or 
Since the junction metal 8 between the copper substrate 7 for heat dissipation and the copper 
substrate 9 for passage formation is exposed to the exterior of a box, it is avoided that it is 
prevented that the coolant begins to leak to the inverter box 41 interior, and it wakes up poor 
insulation inside inverter equipment. 

[0035] Furthermore, since grinding of the copper substrate 7 top face for heat dissipation is 
carried out and the nitriding aluminum plate 4 which is an insulating substrate is joined to the 
field after the grinding after carrying out junction to the copper substrate 7 for heat dissipation, 
and the copper substrate 9 for passage formation, the unevenness at the time of the nitriding 
aluminum plate 4 junction by the heat deformation of the copper substrate 7 for heat dissipation 
and the copper substrate 9 for passage formation produced on the occasion of junction 
abolishes, and uniform junction can perform. 

[0036] Next, drawing 8 and drawing 9 explain the 2nd of this invention, and the 3rd operation 
gestalt. The 2nd operation gestalt shown in drawing 8 and the 3rd operation gestalt shown in 
drawing 9 make the coolant which flows a coolant path generate a turbulent flow. The fixed 
propeller 51 is formed between the copper substrate 7 for heat dissipation, and the copper 
substrate 9 for passage formation, the cylindrical cylinder-like member 52 is attached in the 
copper substrate 9 for passage formation, and the coolant which flows the coolant path 1 02 by 
this cylindrical member 52 is made to make the coolant which flows the coolant path 101 with 
this fixed propeller 51 cause a turbulent flow, and to cause a turbulent flow by drawing 9 at 
drawing 8 . 

[0037] The same effectiveness as the 1 st operation gestalt is not only acquired, but by making 
the coolant generate a turbulent flow in the fixed propeller 51 or the cylindrical cylinder-like 
member 52 like the above 2nd and the 3rd operation gestalt, the heat exchange of the coolant 
and the copper substrate 7 for heat dissipation prospers, and it becomes possible to improve the 
cooling engine performance further. The structure of generating the turbulent flow of these 
drawing 8 and drawing 9 is applicable also in the above-mentioned 1 st operation gestalt. 
[0038] Next, drawing 10 and drawing 1 1 explain the 4th and 5th operation gestalten in this 
invention. The 4th operation gestalt shown in drawing 10 and the 5th operation gestalt shown in 
drawing 1 1 make the passage cross section of a coolant path adjustable. However, by drawing 10 
and drawing 1 1 . since it was easy, it simplified as the substrate section 60 and the substrate 
section 70. and the semiconductor chip, the insulating substrate, etc. were shown, respectively. 
[0039] The copper substrate 67 for heat dissipation and the copper substrate 69 for passage 
formation are connected through the bellows 61 which has flexibility, and the coolant path 103 is 
constituted from drawing 10 by the copper substrate 67 for heat dissipation, the copper 
substrate 69 for passage formation, and bellows 61. Moreover, the supporter material 62 which 
supports the copper substrate 67 for heat dissipation is equipped with the actuator 63 which 
rotates to the circumference of the shaft on the supporter material 62, and the actuator 63 is 
carrying out the pressure welding to the copper substrate 69 for passage formation further. And 
when an actuator 63 rotates, the copper substrate 69 for passage formation can slide in the 
vertical direction (a **** arrow head shows), i.e.. the direction which meets the copper substrate 
67 for heat dissipation, and approaches, or keeps away. Bellows 61 expands and contracts with 
sliding of this copper substrate 69 for passage formation, consequently the passage cross 
section of the coolant path 103 serves as adjustable. 

[0040] According to the 4th operation gestalt of a configuration like drawing 10 , the passage 
cross-sectional area of the coolant path 1 03 formed between the copper substrate 67 for heat 
dissipation and the copper substrate 69 for passage formation can be adjusted and changed with 
bellows 61 the same effectiveness as the 1st operation gestalt is not only acquired, but. and it 
can cool by choosing the optimal rate of flow according to the calorific value of a semiconductor 
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chip. 

[0041] Although the physical relationship of the copper substrate 77 for heat dissipation and the 
copper substrate 79 for passage formation is the same as that of drawin g 10 , it considers as the 
member which carries out the seal of between them to both sliding part. O ring 71 is arranged, 
and the coolant path 1 04 is constituted from drawing 1 1 by the copper substrate 77 for heat 
dissipation, and the copper substrate 79 for passage formation. Moreover, the supporter material 
72 is equipped with an actuator 73 like drawing 10 , and the actuator 73 is carrying out the 
pressure welding to the copper substrate 79 for passage formation further. And by rotation of an 
actuator 73, where the seal of between the copper substrate 77 for heat dissipation and the 
copper substrates 79 for passage formation is carried out with O ring 71. the copper substrate 
79 for passage formation can slide in the vertical direction (a arrow head shows), i.e.. the 
direction which meets the copper substrate 77 for heat dissipation, and approaches, or keeps 
away. Consequently, the passage cross section of the coolant path 104 serves as adjustable, and 
the same effectiveness as the 4th operation gestalt is acquired. 

[0042] In addition, in the gestalt of each above-mentioned operation, although the substrate for 
heat dissipation and the substrate for passage formation were made into copper, the good metal 
of heat-conducting characteristic other than this may be used. 
[0043] 

[Effect of the Invention] Since the substrate for passage formation for forming a coolant path is 
used as the substrate for heat dissipation, and another object according to the semiconductor 
device of this invention, it is easy to carry out processing in passage, and the passage 
configuration according to the cooling engine performance can also be realized easily. 
[0044] Moreover, it can be made easy to expand a heating area and to escape heat to the 
coolant, since a fin is prepared. 

[0045] Moreover, since the coolant is made to generate a turbulent flow, prosperous [ of the 
heat exchange of the coolant and the copper substrate for heat dissipation ] can be carried out, 
and the cooling engine performance can be improved further. 

[0046] Moreover, since the passage cross section of the coolant path formed between the 
substrate for heat dissipation and the substrate for passage formation is made adjustable by the 
flexible connection member, or a seal member is prepared between the substrate for heat 
dissipation, and the substrate for passage formation, and is slid on it and the passage cross 
section of a coolant path is made adjustable, it can cool by choosing the optimal rate of flow 
according to the calorific value of a semiconductor chip. 

[0047] Moreover, since the feed hopper and exhaust port of the coolant are prepared in the 
external surface of the substrate for passage formation or the boundary part of the substrate for 
heat dissipation and the substrate for passage formation is exposed to the exterior of a box 
while the cooling engine performance of inverter equipment improves according to the inverter 
equipment of this invention, since that of the substrate for passage formation is exposed to the 
exterior of a box, the leakage of the coolant is prevented and the poor insulation inside inverter 
equipment can be avoided. 

[0048] Furthermore, since according to the manufacture approach of the semiconductor device 
of this invention the substrate for passage formation of the substrate for heat dissipation carries 
out grinding of the field of the opposite side and an insulating substrate is joined to the field 
after the grinding after joining the substrate for heat dissipation, and the substrate for passage 
formation, the unevenness at the time of the insulating-substrate junction by the heat 
deformation produced on the occasion of junction to the substrate for heat dissipation and the 
substrate for passage formation can be abolished, and uniform junction can be performed. 
[0049] As mentioned above, according to this invention, cooling effectiveness is high and the 
compact semiconductor device excellent in handling nature can be offered. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view showing the semiconductor device by the 1 st operation 
gestalt of this invention, 

[Drawing 2] Drawing 2 is the sectional view seen from [ of drawing 1 ] IHI. 
[Drawin g 3] It is drawing which explains the manufacture approach of a semiconductor device 
like drawing 1 focusing on the formation approach of a coolant path, and drawing showing the 
situation that (a) joins the copper substrate for heat dissipation and the copper substrate for 
passage formation, drawing showing the situation that (b) performs grinding processing to the top 
face of the copper substrate for heat dissipation, and (c) are drawings showing the situation 
which Joins the nitriding aluminum plate which Joined a semiconductor chip beforehand to the top 
face of the copper substrate for heat dissipation. 

[Drawin g 4] It is drawing showing the circuitry of 6 Inn 1 module which is an example of the 
circuitry of the semiconductor chip of drawin g 1 . 

[Drawing 5] It is the block diagram showing the inverter equipment which is an example of the 
device using a semiconductor device like drawing 1 . 

[Drawing 6] a fin to which it is drawing showing the configuration of a fin prepared in the inferior 
surface of tongue of the copper substrate for heat dissipation, and (a) meets the flow direction 
of the coolant — the top view of the fin of a ** and (b) are the sectional views seen from [ of 
(a) ] B-B. 

[ Dr a w ing 7] It is drawing showing the configuration of a fin prepared in the inferior surface of 
tongue of the copper substrate for heat dissipation, and the top view of the cylindrical shape-like 
fin with which (a) projects from the inferior surface of tongue of the copper substrate for heat 
dissipation, and (b) are the sectional views seen from [ of (a) ] B-B. 

[Drawing 8] It is drawing explaining the semiconductor device by 2 operation gestalten of ** of 
this invention, and is drawing showing the configuration which makes the coolant cause a 
turbulent flow with a fixed propeller. 

[Drawin g 9] It is drawing explaining the semiconductor device by 3 operation gestalten of ** of 
this invention, and is drawing showing the configuration which makes the coolant cause a 
turbulent flow by the cylindrical cylinder-like member. 

[Drawing 10] It is drawing explaining the semiconductor device by 4 operation gestalten of ** of 
this invention, and is drawing showing the configuration which makes the passage cross section 
acliustable with the bellows which has flexibility. 

[Drawing 1 1] It is drawing explaining the semiconductor device by 5 operation gestalten of ♦* of 
this invention, and is drawing showing the configuration which arranges an O ring into the sliding 
parts of the copper substrate for heat dissipation, and the copper substrate for passage 
formation, and makes the passage cross section adjustable. 

[ Drawin g 12] It is drawing showing an example of the semiconductor device which adopted the 
cooling system of the conventional water cooling type. 

[Drawing 13] It is drawing showing other examples of the semiconductor device which adopted 
the cooling system of the conventional water cooling type. 
[Description of Notations] 

1 Semiconductor Chip 

2 Elevated-Temperature Solder Layer 

3 Conductor Layer 
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4 Nitriding Aluminum Plate (Insulating Substrate) 

5 Conductor Layer 

6 Low-temperature Solder Layer 

7 Copper Substrate for Heat Dissipation 
7a Fin 

7b Slot 

7A Heat dissipation substrate 
7B Fin 

8 Junction Metal 

9 Copper Substrate for Passage Formation 

10 Resin Case 

1 1 Silicon Gel 

1 2 Aluminum Wire 

13 Leadframe 

1 4 External Connection Terminal 

20 Entrance of Coolant 

21 Pipe 

22a The hose for coolant supply 
22b The hose for coolant discharge 

31 IGBT Chip 

32 Diode 

41 Inverter Box 

42 Semiconductor Device 

43 Electrolytic Capacitor 

44 Snubber Circuit Substrate 

45 Controller 

51 Fixed Propeller 

52 Cylindrical Cylinder-like Member 

61 Bellows 

62 Supporter Material 

63 Actuator 

67 Copper Substrate for Heat Dissipation 
69 Copper Substrate for Passage Formation 

71 O Ring 

72 Supporter Material 

73 Actuator 

77 Copper Substrate for Heat Dissipation 
79 Copper Substrate for Passage Formation 
100 101,102,103,104 Coolant path 
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•rSCitCttS^fcaJ). H3 (c) K:*JWSS<bT;l'5« 

4©«^B#©i|£Ea)l©tf6?:!^< LHj—fjim^in'^C 

fRmmt i/r ©v^-f 7^2 1 ^sssusji^fiSEfflSHSfiit 9 tcisi 40 

0{4l:tri,^-&*s. M^©g^^*fcti^{bT;l'5S4*J 
[002 8] AiC, *^}^fiS©^«:*|g*fflC>ifc8l 

s©— Wior. *^gcc-pt,>-rifi?a-r*, ^ 
f jgg* 3 tB^^r {c*fit.-r s«)^<t -r s/cjsixc 

». i|£i)W*9^-^r^ibT:ia4K:^-rJ:'5/j:lHlllS-C«lRSS 

6 > 1 a -ju«»!S**-r4 fc©*fflt»ti«j; 

t,>. ll4K:*jc»r», m:^$ir{SPffl^^<!: L/t:ii5j2ffi!i^ 
©I GBT9'f i*fflo>-ci,>5. s/c. -en-en© 
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2 ©ia*ji*ffl©pgpei5*it9:i^ ?>nr 4b 0 . if^i»^*ila 
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c © J: 5 (c f -V i' ;^ 4 1 ©ii-SCCciJSiffijgfiSffl 
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mm$it?>cti>x^. -en{cj;n{f. /c<tiL^©«^ 

^ 8 ©gp^^ibcc J: -C?#»S[*iiin S J: ^ C i 
-^r . -f 5» i» ;^ 4 1 rtaRtc?ftiP«3ii« 

A-r-5Ci*SK«±SnS. J':i±©C<!:*i6. -O^-^-^J 
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f^?g©ssn©:m6)«:j&^ j:^^cont»;*L.t:c>-2). c 

© J: ^ !S 7 ^ > 7 a ©J^». «^;^«?^?ft©S£n©:^ 
|al{C?a-o-C?«7 b*»SCiK:j:i3J^fi3frSCi*i-C# 
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^. laS-Cli. fi!c^ffl^SS7<!:ijmj^RSffl^»«9© 

5 1 icj;:-,X}%mmm\ O l «riife*i-5?^?SCCfa. 
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m*i^#6ns/cw•c^c<. ?^?gissci»ffl^««7i© 

nJIfliJfeSo cn6084Bj:!yf|a9©SLSS;&l6^3#S 

«igttmri^©ii 1 mMmm^i6\,^x^mm^mx$>i>. 
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